D
iabetes is a major global health issue. The Middle East and North Africa (MENA) region faces the highest burden of this disease. Compared to the other world regions, this region has the highest comparative prevalence of diabetes (1) . Libya is one of the MENA countries, with a comparative prevalence of diabetes of 9.86% (1) . Medication adherence is important in diabetes management and studies have supported its relevance in achieving good glycemic control (2, 3) . Despite its importance, the reported data on adherence to oral diabetes medications and insulin showed that low medication adherence is prevalent (4) . The issue of low therapeutic adherence in chronic diseases is generally greater in developing countries than in developed countries (5) . In Libya, a previous study among diabetics at Benghazi Diabetes Centre reported a considerable rate of suboptimal medication adherence (6) , and a more recent study in the same center found that non-adherence to diabetes management advice as measured by glycosylated hemoglobin level was considerable (7) . Therefore, there is a need to identify the factors that could influence medication adherence among Libyan diabetic patients.
Illness perceptions are among the modifiable factors that have been postulated to influence coping behaviors in illness. Therefore, studying them might help in understanding medication adherence among diabetics. This postulation has been presented by the Common Sense Model (CSM) of illness perceptions (8, 9) . The CSM demonstrates the role of cognitive perceptions as well as the emotional representations of the illness in guiding human coping behaviors (8, 9) . Several studies have shown that CSM illness perceptions influence coping behaviors in diabetes (10Á14) and in other chronic diseases (15) . In illness perception research, it is important to consider the context of the study population, because the surrounding atmosphere is one of the important sources of information that influences the constitution of illness perceptions (8, 9) . The patient gathers information from several sources and processes them into illness perception constitutions. Among these sources of information is the personal context, like the patient's own memories about a previous illness experience, and also the interpersonal context and the surrounding environment (8) . Therefore, different populations might constitute different perceptions about the same illness. Several studies have shown the differences in illness perceptions across different groups, both in diabetes (11, 16, 17) and other diseases (15) .
Thus, to have a valid insight on how Libyan diabetics perceive their diabetes and how their perceptions influence their medication adherence, it is important to conduct local research. To the best of our knowledge, there has been no previous study on this topic in Libya. Overall, there is a paucity of research that relates psychological factors to patient behavior in the Libyan diabetes context. We identified one study that related self-efficacy Á which is a close concept to one of the CSM illness perceptions, the personal control perception Á to non-adherence to diabetes management advice (7) . The aim of our paper was to assess diabetes illness perceptions among Libyans with type 2 diabetes mellitus (T2DM) and the influence of their diabetes perceptions on their medication adherence.
Materials and methods

Study settings and participants
This study was part of a larger study that looked at several outcomes, including diabetes coping behaviors and glycemic control status of T2DM patients. The study design was cross-sectional and it was conducted at the National Centre for Diabetes and Endocrinology (NCDE) in Tripoli, Libya, after being approved by Universiti Kebangsaan Malaysia Research and Ethics Committee and the management at the NCDE. The NCDE, although a referral center, provides diabetes follow-up, medications, and laboratory services for diabetes outpatients.
To find out the minimum sample size required for the large study, several calculations were performed. The largest sample size obtained was considered, and it was based on the sample size needed to test the difference in the prevalence of poor glycemic control across males and females using the Fleiss formula (18) . The preliminary data used in the calculation included a prevalence of poor glycemic control among males of 45% and among females of 58% (19) . A sample size of 498 was needed for a margin of precision (a) of 5% and a power of 80%. To compensate for low response and rejection due to non-eligibility, 30% was added. Thus, the target sample size was 648 respondents.
Patients were recruited systematically at the laboratory waiting area between October and December 2013, whereby every fourth patient was approached at their coming sequence. When the patient was not eligible, the immediate next patient was invited. The eligibility criteria included being Libyan, having T2DM for at least 1 year, being 18 years old or above, having no cognitive impairment that could interfere with communication or comprehending the questions, being able to read and write in Arabic, having no visual impairment that interfered with selfreporting, and being willing to participate in the study. Those who were placed on a diet plan only, pregnant women, and very ill patients were not eligible. The type of diabetes was self-reported, and it was verified whenever applicable by checking the medical follow-up card of each respondent. However, as not all the follow-up cards showed the type of diabetes, further verification of diabetes type was done at the stage of analysis. Those who reported being diagnosed before the age of 40, placed on insulin at diagnosis, and on insulin at the time of the study (20) were considered as having type 1 diabetes and were excluded from the analysis. Out of the 648 addressed patients, 523 responses were considered in the data analysis, which gave a response rate of 80.7%. Details on sampling flow are depicted in Fig. 1 . Patients were given a briefing about the study, as well as on their participation and withdrawal rights. The study was conducted on a voluntary basis and consent forms were received.
Measures
Data collection was based on a self-reported questionnaire, which gathered information about patients' sociodemographic characteristics and disease profile, their diabetes illness perceptions based on the Revised Illness Perception Questionnaire (IPQ-R), and medication adherence based on the eight-item Morisky Medication Adherence Scale (MMAS-8).
Data on age, sex, marital status, education level, employment status, income, duration of diabetes, type of diabetes medication, presence of comorbidity, and the number of other medications were gathered from the information sheet.
The Revised Illness Perception Questionnaire
The IPQ-R was used with permission to assess diabetes illness perceptions. A version for diabetes is available at the IPQ website. The IPQ-R is a wellvalidated instrument (21) . It includes three sections. The first section represents the identity perception domain and comprises 14 listed symptoms. Each symptom is attached to a yes or no response. Identity perception refers to how the patient labels the illness.
It is related to the number of symptoms the patients have experienced since their diabetes diagnosis and that they attribute to their diabetes. A high score indicates a high diabetes identity perception. The second section comprises 38 items and measures seven illness perception domains (timeline acute/chronic perception, timeline cyclical perception, consequences perception, personal control perception, treatment control perception, illness coherence, emotional representations). Each of the 38 items is attached to a five-level (strongly disagree Á strongly agree) Likerttype response. Timeline acute-chronic perception (six items) refers to the perception of the illness duration. A high score indicates a strong perception of diabetes as a chronic (long-term) illness (sample item: 'My diabetes will last a short time'). Timeline cyclical perception (four items) refers to the perception of the pattern of the course of the illness. A high score indicates a strong perception of diabetes course as a cyclical or unstable illness (sample item: 'I go through cycles in which my diabetes gets better and worse'). Consequences perception (six items) refers to the perception of the seriousness of the illness and its impact on life. A high score indicates a perception of diabetes as a serious illness with negative impacts on life, social relationships, or economic status (sample item: 'My diabetes is a serious condition'). Personal control perception (six items) refers to the patient's perception of his or her own ability to manage or control the illness. A high score indicates a high perception of the personal ability to control diabetes (sample item: 'I have the power to influence my diabetes'). Treatment control perception (five items) refers to the perception of the effectiveness of treatment in controlling the illness. A high score indicates a high perception of the effectiveness of diabetes treatment in controlling diabetes (sample item: 'My treatment can control my diabetes'). Illness coherence (five items) refers to the patient's perception of his or her own understanding of the illness. A high score indicates a high perception of the personal understanding of diabetes and that diabetes is perceived as a clear or unambiguous illness (sample item: 'I have a clear picture or understanding of my condition'). Emotional representations (six items) refer to emotional responses to the illness. A high score refers to more emotional responses to diabetes and indicates that diabetes affects the patient emotionally and makes him or her emotionally distressed (sample item: 'When I think about my diabetes I get upset'). The last section of the IPQ-R is the cause section, and it comprises 18 disparate items (causes). Each item is attached to a five-level (strongly disagree Á strongly agree) Likert-type response. We dichotomized the responses to each cause item into yes and no, where yes indicated those who strongly agreed or agreed on the item as a cause for their diabetes (22) . Only the eight illness perception domains (identity perception, timeline acute-chronic perception, timeline cyclical perception, consequences perception, personal control perception, treatment control perception, illness coherence, emotional representations) were defined as independent variables and tested for their contribution to medication adherence, whereas the cause section was only included for description. The scale was translated from English into Arabic by two bilingual translators using a forwardÁbackward method. The content validity of the scale was assessed by a group of Libyan experts, and two items were added to the other 14 generic symptoms in the identity subscale Ánumbness and paresthesia. Another item was added to the 18 disparate items in the cause section Á Allah's will or fate. Then, face validity was pretested on 10 diabetic Libyans and the necessary amendments to enhance the clarity were done.
The eight-item Morisky Medication Adherence Scale The MMAS-8 was used to measure medication adherence. It is a valid (23, 24) single-dimension measure that comprises eight items (sample item: 'When you travel or leave home, do you sometimes forget to bring along your medications?'). Each item is attached to a yes or no response, except for the last item, which has a five-level Likert-type response (23) . The short construct of the MMAS-8 was useful as data were collected in a busy clinical setting (25) . The possible total score range is from 0 to 8. A score of 8 indicates high adherence, a score of 6 and above but less than 8 indicates moderate adherence, whereas a score below 6 indicates low adherence (23, 24 ). An Arabic version was obtained with permission from the scale copyright owner. This version was found to be reliable and valid among Libyans with T2DM (26) .
Data analysis
Data analysis was conducted using SPSS (version 22) for Windows. The internal consistency reliability of the IPQ-R and MMAS-8 was assessed using Cronbach's alpha.
A chi-square test, independent t-test, and the MannÁ Whitney U test were used to explore the bivariate associations between medication adherence and sociodemographic characteristics, disease profile, and illness perceptions. All variables that showed bivariate associations with medication adherence at a p-value of 0.25 or less were included in the multiple regression analysis. A two-step hierarchical binary multiple logistic regression was run to test the contribution of illness perceptions on low medication adherence. A p-value less than 0.05 was considered in the interpretation of the significance of the findings.
Results Table 1 summarizes the sociodemographic characteristics and disease profile of the respondents. The mean age of the respondents was 54.43 (SD010.03). The mean diabetes duration was 9.4 (SD 07.3) years, and the number of other long-term medications ranged from zero to seven. Table 2 displays the descriptive statistics of diabetes illness perceptions based on the identity and views sections of the IPQ-R. All eight illness perception domains displayed a satisfactory internal consistency, with the alpha coefficient ranging from 0.87 for the emotional representations subscale to 0.76 for the consequences perception subscale. Respondents showed low diabetes identity perception, indicating that they attributed few of the symptoms they experienced to their diabetes (mean04.55, SD03.72). They showed a high perception of diabetes timeline as a chronic illness (mean022.08, SD05.34) and a moderate perception of diabetes course as a cyclical (unstable) illness (mean012.42, SD04.80). Illness coherence was moderate (mean 016.12, SD 06.76). Respondents had a moderately high perception of the treatment controllability of their illness (mean019.19, SD04.48) and their personal control over diabetes (mean 018.93, SD07.06), while demonstrating a moderate diabetes consequences perception (mean016.24, SD 06.05) and emotional representations (mean016.99, SD07.76). Table 3 shows the descriptive statistics on the perceptions of the cause of diabetes. The five most commonly indicated causes out of the 19 listed items as causes for diabetes were 'Allah's will/fate' (86.6%), 'hereditary Á it runs in my family' (53.0%), 'my emotional state' (44.4%), 'family problems or worries' (40.0%), and 'diet or eating habits' (35.6%). Table 4 shows the descriptive statistics on diabetes medication adherence based on the MMAS-8. The scale showed a satisfactory internal consistency reliability (a00.74). The mean medication adherence score was 6.06 (SD 01.89), and the prevalence of low medication adherence was 36.1%. Table 5 shows the results of bivariate analysis. Several sociodemographic variables and disease profileÁrelated factors showed statistically significant associations with medication adherence. The frequency of low medication adherers was significantly higher among males than females (x 2 010.247, p00.001). Respondents with secondary to high education level reported a significantly higher prevalence of low medication adherers than those with primary education (x 2 05.628, p00.018). A significantly higher frequency of low adherers was also found among employed respondents compared to the unemployed (x 2 017.921, pB0.001) and among the moderate-to 
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high-income group compared to the low income group (x 2 03.925, p00.048). Respondents who had no comorbidity showed a significantly higher prevalence of low medication adherers compared to those who had comorbidity (x 2 011.466, p 00.001). In addition, there was a significant difference in the number of other long-term medications between low adherence and moderate-high adherence groups (z0(2.810, p00.005). Regarding illness perceptions, a significant difference in the mean treatment control perception score (t 0(2.366, p00.018) was found between patients who reported low adherence to their diabetes medications (mean018.58, SD04.51) and those who reported moderate-high adherence (mean019.54, SD04.44). Table 6 shows a two-step hierarchical binary logistic regression model. In the first step, all sociodemographic and disease profileÁrelated factors that displayed associations with medication adherence at p50.25 in the bivariate analysis were entered into the model. All illness perceptions that displayed crude associations with medication adherence with p 50.25 were entered in the second step. In the first step, the model showed a good fit of the included variables as indicated by the non-significant Hosmer Lemeshow test (p 00.160). Referring to the block omnibus test, the contribution of the model with these variables to low medication adherence variance compared to the model with the constant alone was significant (Dx 2 (df) 026.997(8), p00.001). Based on the Nagelkerke R 2 , this model contributed to 6.9% of the variance of low medication adherence. In the second step, illness perceptions were added to the model. The model showed a good fit of the included variables as indicated by the non-significant HosmerÁLemeshow test (p00.208). The addition of illness perceptions led to a significant improvement in the model's level of predictivity as indicated by a significant chi-square increment (Dx 2 (df) 019.867(5), p00.001). Referring to the Nagelkerke R 2 , the model's level of predictivity was raised to 11.7%. Thus, illness perceptions have a unique contribution to medication adherence above and beyond the control variables alone.
The final model showed that two illness perceptions contributed significantly to low medication adherence; these were treatment control perception and illness identity perception. High treatment control perception contributed slightly yet significantly to medication adherence as a protective factor. The odds of having low adherence to medications decreased with the increase in treatment control perception (p 00.044, OR 00.95, 95% CI 0 0.91_0.99). On the other hand, high identity perception predicted lower medication adherence, as the odds of having low adherence to medications increased with the increase in identity perception (p 00.008, OR 01.08, 95% CI 01.0201.14). Two of the control variables also displayed a significant contribution to low medication 
Discussion
To the best of our knowledge, this study was the first to explore diabetes perceptions as guided by the CSM in the Libyan context. In our study, the number of female respondents exceeded that of males. Although this might indicate that females were more willing to participate in the study, it may also reflect the sex profile of diabetes in Libya. An early study of the epidemiological pattern of diabetes in Benghazi, Libya, found that the prevalence of T2DM was significantly higher among females than males (27) . The predominance of females over males was also reported in a previous study among diabetics in the same center where our study was conducted (28) and in other Libyan diabetes settings (6, 7) . The respondents reported a low identity perception, indicating that they attributed few of the symptoms they had experienced after the diagnosis to their diabetes. Regarding personal and treatment control perception domains, the respondents reported a moderately high perception of both their own ability to control their diabetes and the effectiveness of their diabetes treatment. Personal control perception is a close concept to self-efficacy, which is also about the confidence of the patients in their personal ability to control their illness. In line with our finding, a previous study among adult diabetics in Libya reported a moderate level of self-efficacy (7). The respondents perceived diabetes as a chronic illness, and moderately perceived the course of diabetes as unstable or cyclical. The respondents reported moderate coherence perception, which reflects a moderate personal understanding of diabetes. This finding shows that many of them perceived diabetes as an ambiguous illness that they did not understand well. Lack of professional information on diabetes, which in turn affects diabetes knowledge, could be one of the reasons. Several previous studies in the Libyan diabetes context showed a poor level of diabetes knowledge (6, 7). Therefore, empowering our patients' diabetes knowledge through diabetes educational programs could help in optimizing their diabetes coherence or understanding perception. The respondents perceived that diabetes imposed moderate consequences on their life and health and they displayed moderate negative emotional responses to their illness. The Islamic religious influences on the constitution of diabetes perceptions were reflected in the perception of the cause of diabetes, where 'Allah's will/fate' was the most frequently reported cause for diabetes. We also found that more respondents attributed their diabetes to psychosocial factors like their emotional state and family problems or worries than to their diet or eating habits. Studies in other diabetic populations reported different cause perception patterns. For instance, in a study among Nepali diabetics, pollution and immunity were frequently reported as the causes of diabetes, whereas emotional state was among the least perceived causes (22) . Furthermore, a study in the United States reported heredity, diet and eating habits, and own behavior as the top three perceived causes for diabetes (14) .
More than one-third of the respondents reported low adherence to their diabetes medications. This is considerable, and it should be taken seriously for its consequences on patients' health and its ultimate impacts on the healthcare system. Our study confirmed the findings of two previous studies in the Libyan diabetes context (6, 7) . In a large diabetes care center in Benghazi, Libya, Roaeid and Kablan (6) reported that 27.1% of diabetics were not taking their medications regularly. In a more recent study in the same center in Benghazi, Elkharam et al. (7) assessed adherence to diabetes management advice using HbA1c as a distant adherence measure, and their findings also reflected the problem of low adherence levels. Both of these two studies used different adherence measures to that used in this current study. Compared to some Middle Eastern countries, the reported low medication adherence prevalence in this study is lower than that reported in Palestine among T2DM patients, using the same measure (42.7%) (29) , but higher than that reported in Jordan (30). In this study, we focused on eight illness perception domains in relation to medication adherence. Our findings added to the preexisting research evidence on the role of the CSM illness perceptions in guiding the coping behaviors in illness (10Á14). Two illness perceptions were found to contribute significantly to medication adherence; these were identity and treatment control perceptions. The contribution of each of these two perceptions matched the theoretically anticipated directions. Identity perception was a predictor factor. The respondents who attributed many of the symptoms they had experienced to their diabetes were more likely to be low adherers to their medications. Meanwhile, treatment control perception was a protective factor, as those who reported higher perception of the effectiveness of their treatment were less likely to be low adherers. In line with our findings, it was found that the perceived treatment effectiveness in diabetes control contributed to the use of insulin (31). Although treatment control perception was identified among the predictors of medication adherence among Nepali diabetics, unlike in our study, higher perception of treatment effectiveness was associated with lower medication adherence (22) . The final model also identified two personal characteristics as predictors of low medication adherence; these were sex and employment status. Females were less likely than males to have low adherence to their diabetes medications. This was inconsistent with the findings of some studies where no relationship between sex and adherence level was reported (29, 32) . Employed respondents were more likely to have low adherence than employed respondents. This could be related to some barriers that , chi-square difference across two subsequent models after adding illness perceptions.
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employed diabetics face, such as the lack of time or access to medications while away from home. Consistent with our findings, some other studies found that employment status influenced medication adherence in diabetes (22, 33) . Several limitations should be considered in the interpretation of the findings from this study, such as the cross-sectional design, which precludes making causal assumptions, and self-reporting of data, which is subject to recall bias as well as over-and under-reporting bias. Type 2 diabetic Libyans who are unable to read and write should be considered in further research that uses faceto-face interviews. As the study was conducted in a single diabetic center in Tripoli, the findings could not be generalized to all Libyans with T2DM. However, the findings could be generalized to the study population, which is Libyans with T2DM who attended the center during the study period.
Conclusion
This study provided insight into how Libyans with T2DM perceive their diabetes. The findings may inform local diabetic care providers about how their patients perceive their diabetes. Better understanding of the patients could positively influence patientÁprovider communication. The current study confirmed the suboptimal level of medication adherence reported by some previous studies in the Libyan diabetes context. It also showed how diabetes illness perceptions influence medication adherence. These findings could be used to develop medication adherence promotion approaches, as in the form of psychoeducational interventions. The findings from this study showed that males and employed patients were more likely to be low adherers; therefore, they might represent in-need groups for medication adherence promotion. The predictivity of the medication adherence model was low. Thus, further research is needed to identify what other factors could explain low medication adherence among Libyan diabetics. In addition, as our study was conducted at a single center, in the capital city of Libya, more research in the Libyan diabetes context is warranted to support the generalizability of the findings from our study to all Libyans with T2DM.
